Boiled coffee contains the lipid compounds cafestol and kahweol, which raise cholesterol strongly in man. These lipids are retained by paper filters. In a search for an animal model for the effect of coffee lipids on serum cholesterol concentrations, we fed hamsters (Mesocvicetus aurutus) and rats on mash diets consisting of a purified base diet and either boiled water, unfiltered boiled coffee or filtered boiled coffee. After a feeding period of 8 weeks there was no statistically significant effect of unfiltered boiled coffee on serum total cholesterol and triacylglycerol concentrations in either the hamsters or the rats. The level of serum cholesterol did respond predictably to the addition of cholesterol and/or saturated fatty acids to the diet. The lack of effect of unfiltered boiled coffee in the hamsters and the rats, when compared with the previously reported activity in humans, could not be explained by dosage, duration of treatment, mode of administration or by insufficient statistical power. It is concluded that hamsters and rats are insensitive to unfiltered boiled coffee and thus are unsuitable models for investigating its hypercholesterolaemic effect.
The consumption of unfiltered, Scandinavian-style boiled coffee is associated with elevated levels of serum cholesterol (Thelle et al. 1983; Stensvold et al. 1989; Pietinen et al. 1990) . Controlled experiments in man have confirmed that unfiltered boiled coffee raises serum total and LDL-cholesterol concentrations (Aro et al. 1987; Bak & Grobbee, 1989; Van Dusseldorp et al. 1991) . Unlike filtered coffee, unfiltered boiled coffee contains a small amount of lipid, which contains the factor that causes the hypercholesterolaemic effect of boiled coffee (Zock et al. 1990 ). This factor is retained by a paper filter (Ahola et al. 1991 ; Van Dusseldorp et al. 1991) . We recently identified the diterpenes cafestol and kahweol as the responsible factors in unfiltered boiled coffee (Weusten- Van der Wouw et al. 1994) .
The availability of an animal model for the effect of boiled coffee on serum cholesterol concentration would be of great value in unravelling the underlying mechanism. In our hands the feeding of freeze-dried, boiled coffee to hamsters or gerbils did not affect serum cholesterol concentrations (Mensink et al. 1992) . However, Sanders and Sandaradura (1992) reported that boiled coffee, given as the only source of drinking water, raised serum cholesterol concentrations in Syrian hamsters. We have therefore repeated our study in hamsters using liquid boiled coffee, because freeze drying, conceivably, might have removed or modified the diterpenes in our previous experiment (Mensink et al. 1992) . As 756
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the rat is the most commonly used animal in experimental nutrition (Beynen & West, 1986) , we also tested the effect of boiled coffee on serum cholesterol concentrations in rats.
MATERIALS A N D M E T H O D S
The experimental protocols were approved and their conduct supervised by the animal welfare officer of the Wageningen Agricultural University.
Animals and housing
Male Syrian hamsters (Mesocricetus auratus; HsdCpb: ShGa) aged 4 weeks and female Wistar rats (Rattus norvegicus; HsdCpb: WU) aged 3 weeks were purchased from Harlan/CPB, Zeist, The Netherlands. On arrival they were housed in groups of five animals of the same species in polycarbonate cages with a wire top and a layer of sawdust as bedding. The cages were placed in a room with controlled lighting (light on: 06.0&18.00 hours), temperature (20-22"), relative humidity (50-55 %) and ventilation (20 air changes/ h) .
Experimental design and diets
The experiment with hamsters comprised seven groups of thirteen animals each. The diets were supplied in the form of a mash containing a base diet with or without added cholesterol and either boiled coffee, boiled-and-filtered coffee or boiled water (1 : 1, w/w). The cholesterol-rich diets were included in an attempt to enhance the cholesterolaemic response to boiled coffee. In various experimental animals the influence of feed components on serum cholesterol is greater with a dietary background rich in cholesterol (Beynen & West, 1989) . The composition of the base diets was as follows (g/kg): casein 151, maize oil 47.5, coconut fat 47.5, cholesterol 0 or 0-5, maize starch 344.4 or 343.9, glucose 300, cellulose 50, CaCO, 12-4, NaH2P0,.2H,O 15-1, MgCO, 1-4; KCl 1.0, KHCO, 7-7, mineral premix 10.0, vitamin premix 12.0. The composition of the mineral and vitamin premixes has been reported elsewhere (Hoek et al. 1988) . The seventh group served as an additional positive control; it received a diet which was high in saturated fatty acids, which are known to raise serum cholesterol levels in hamsters (Spady & Dietschy, 1985; Ohtani et al. 1990 ). The diet high in saturated fatty acids was formulated by adding 152.5 g coconut fat/kg to the cholesterol-free base diet at the expense of an isoenergetic amount of maize starch-glucose (1 : 1, w/w). Table 1 shows the analysed composition of the diets.
The experiment with rats comprised six groups of twelve animals each. The diets were supplied in the form of a mash containing a base diet with or without added cholesterol and boiled coffee, boiled-and-filtered coffee or boiled water (4: 1, w/w). The composition of the base diets was as follows (g/kg): casein 210, maize oil 100, coconut fat 100, cholesterol 0 or 10, sucrose 460.4 or 450.4, molasses 50, cellulose 20, CaCO, 12.4, NaH,PO, ,2H,O 15-1, MgCO, 1.4, KC1 1.0, KHCO, 7-7, mineral premix 10.0, vitamin premix 12.0. The amount of added cholesterol is known to raise serum cholesterol concentrations in female rats (Beynen, 1987) . Table 2 shows the analysed composition of the diets.
Boiled coffee was prepared by pouring 500 ml boiling water onto 50 g commercially available coarsely ground coffee (Roodmerk", Douwe Egberts, Utrecht, The Netherlands) in a thermos flask. We showed previously that such coffee raises serum cholesterol concentrations in man (Van Dusseldorp et al. 1991) . The grounds were allowed to settle for 15 min and the brew was decanted into another thermos flask. To prepare boiled-andfiltered coffee, the boiled coffee was poured through a white paper filter (no. 4, Melitta Nederland, Veenendaal, The Netherlands) held in a conical plastic holder. When mixed with the base diets, the boiled water, boiled coffee and boiled-and-filtered coffee had a temperature of 5CL70". All hamsters and rats went through a run-in period of 2 weeks during which they received the cholesterol-free base diet mixed with boiled water. Then, on day 0 of the experiment, the animals were allocated to the dietary groups which were stratified for body weight and serum cholesterol concentration. For the next 8 weeks the hamsters received the seven and the rats the six experimental mash diets. During the experimental period the hamsters and the rats were housed individually. The animals had free access to the mash diets and tap water. Feed intake, water intake and body weight were recorded. The mash diets were prepared three times weekly and stored at 4" until used for feeding. The base diets, which were in powdered form, were kept at 4".
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Collection of samples
Blood was sampled by orbital puncture on day 0 and after 2, 4, 6 and 8 weeks, between 09.00 and 11 .OO hours, while the animals were under light diethyl-ether anaesthesia. Feed was not withheld before sampling. Serum was obtained by low-speed centrifugation (3000 g, 10 min) and stored at -20" until analysis. At the end of the experiment the anaesthetized animals were killed by decapitation immediately after blood sampling. Livers were removed, weighed and frozen at -20" until cholesterol analysis.
Chemical analyses
To obtain DM and ash contents of the mash diets, samples were incubated at 70" (12 h, vacuum oven) and 550" (5 h) respectively. N in samples of the mash diets was determined by the Kjeldahl method (Joslyn, 1970) . Crude fat was determined by extraction according to the Soxhlet method (Joslyn, 1970) , and fatty acids by GLC (Metcalfe et al. 1966) .
Cholesterol in diet samples was determined by GLC (Nordby & Nagy, 1973) . In samples of the mash diets for the experiment with hamsters, the diterpene alcohols cafestol and kahweol were analysed in ether extracts by capillary GLC, and the purity of peaks was verified by mass spectrometry (Weusten-Van der Wouw et al. 1994).
Serum total cholesterol and triacylglycerols were determined enzymically with the use of commercial test combinations (CHOD-PAP and GPO kits, Boehringer-Mannheim GmbH, Mannheim, Germany). Mean bias for control serum (Precinorm, Boehringer-Mannheim) was 2.53 YO for cholesterol; the coefficient of variation within runs was on average 1.56 %. Liver total cholesterol was extracted and analysed according to the method of Abell et al. (1952) . Serum activity of alanine aminotransferase (EC 2.6.1.2; ALAT) was measured at 37" using a commercial kit (Unikit 11, Roche Diagnostics, Mijdrecht, The Netherlands) and an autoanalyser (COBAS-BIO, Roche). The mean bias for a control serum (Roche P) was 6.98 % ; the within-run coefficient of variation averaged 1.69 %.
Statistics
All data were found to be normally distributed (Kolmogorov-Smirnov test). The final data for the groups fed on diets containing either filtered or unfiltered coffee were evaluated with two-way ANOVA. The original data for the groups subjected to ANOVA had homogeneous variances (Levene test), except for liver cholesterol concentrations in the hamsters which first had to be transformed to their 1n-l values, and the liver and final serum cholesterol concentrations in the rats which could not be transformed so as to obtain homogeneous variances. The latter two variables in the rats were evaluated with the use of Student's t test. The groups fed on diets with boiled water served as reference and were not involved in the statistical analysis except for a priori defined comparisons with the groups given boiled coffee for which Student's t test was used. The hamsters given the high-fat diet served as an extra positive control in addition to those fed on the high-cholesterol diets. The results of comparisons with either the reference groups or the positive control are not indicated in the tables, but given in the text. The level of statistical significance was pre-set at P < 0-05.
RESULTS
Body weight and feed intake
Neither the presence of cholesterol in the diet nor the type of coffee significantly influenced final body weight and feed intake in either the hamsters or the rats (Table 3) . Filtered and unfiltered boiled coffee v. water as reference reduced feed intake ( P < 0.001) and body weight ( P < 0.05) in the hamsters. In the rats, filtered and unfiltered boiled coffee v. the reference treatment had opposite effects ( P < 0.05 for feed intake and for body weight).
Feed intake (g/d) was decreased in the hamsters fed on the diet high in coconut fat and as Tables 1   and 2. 7 Two-way ANOVA, excluding the groups fed on the diets with boiled water and the hamsters fed on the high-fat, cholesterol-free diet, showed no significant diet effects. 
or unfiltered boiled coffee (A); high-fat diet (V).
For details of diets and procedures see Table 1 and pp. 756-758.
a result, total energy intake (results not shown) and body weight were similar to the animals given the reference diet with boiled water. Figs 1 and 2 show the time courses of changes in serum cholesterol concentration. There was no effect of unfiltered v. filtered coffee on serum cholesterol in either hamsters or rats. On the other hand, the addition of cholesterol to the diet significantly raised serum total cholesterol concentrations in both hamsters and rats ( Table 4) . Consumption of the highsaturated-fat, positive control diet by the hamsters also produced a significant increase in serum cholesterol ( P c 0*05), when compared with the cholesterol-free reference diet with boiled water.
Serum cholesterol and triacylglycerols and liver cholesterol
Dietary cholesterol and the type of boiled coffee did not alter serum triacylglycerols in either the hamsters or the rats. Filtered or unfiltered coffee instead of boiled water as reference significantly reduced serum triacylglycerols in the hamsters ( P < 0.0 1) but not in the rats (Table 4) .
Cholesterol feeding significantly elevated liver weight in the hamsters and to a greater extent also in the rats (Table 4) . Liver cholesterol concentrations were drastically increased after cholesterol loading, but were unaffected by unfiltered v. filtered coffee in both the hamsters and the rats.
Serum alanine aminotransferase activity
Because the ingestion of unfiltered boiled coffee in humans raised the serum activity of ALAT (Weusten-Van der Wouw et al. 1994), which is an indicator of liver function, this variable was also monitored in the present experiment with hamsters. After 8 weeks, neither cholesterol feeding nor unfiltered boiled coffee had a significant effect on ALAT activities. The mean ALAT activities during the entire experiment were as follows : cholesterol-free diets with water, filtered and unfiltered coffee 11 1.05 (SE 5151), 61.14 (SE 3-64) and 77.64 (SE 1 1-40), and high-cholesterol diets with water, filtered and unfiltered coffee 67.53 (SE 6.06), 110.27 (SE 31.26) and 71.40 (SE 6.91), and the high-fat diet 56.44 (SE 6.64) U/1.
D I S C U S S I O N
In our hands uniiltered boiled coffee, when compared with filtered boiled coffee, did not significantly influence serum cholesterol and triacylglycerol concentrations in either hamsters or rats. In contrast, such unfiltered boiled coffee has repeatedly been shown to raise serum cholesterol and triacylglyerol concentrations in controlled trials with humans (Bak and Grobbee, 1989; Van Dusseldorp et al. 1991) . As elaborated later, the lack of effect in the hamsters and rats cannot be attributed to a low dose of unfiltered boiled coffee, a short duration of challenge and a different mode of administration. Thus, there may be a species difference in that hamsters and rats are insensitive to unfiltered boiled coffee whereas humans are sensitive. The insensitivity of the hamsters and rats appears to be rather specific because they did respond predictably (Spady & Dietschy, 1985; Beynen, 1987) to cholesterol and/or saturated fatty acids in the diet.
In human subjects consuming 10 MJ energy/d the daily intake of eight cups (1 litre) of unfiltered boiled coffee, brewed with 50 g of ground coffee per litre of water, raises serum total cholesterol and triacylglycerol levels by about 0.5 and 1.0 mmol/l respectively (Aro et al. 1987; Bak & Grobbee, 1989) . The hamsters in the present experiment ingested the equivalent to forty and the rats the equivalent of nine cups per 10 MJ diet, which can be considered sufficient to elicit an effect, if any. The present experiments lasted 8 weeks whereas in humans the hypercholesterolaemic effect of unfiltered boiled coffee can be demonstrated within 3-6 weeks (Aro et al. 1987; Bak & Grobbee, 1989) . For the hamsters and the rats we mixed the coffee brews with the base diet to provide the mixture in the form Tables 1   and 2. effects of dietary cholesterol (Chol) without effect of unfiltered coffee and interaction.
of a mash. It could be argued that the cholesterol-raising factor of unfiltered boiled coffee is rendered inoffensive by some unknown interaction between the brew and diet. However, this possibility is unlikely. Cafestol and kahweol, which have recently been identified as the hypercholesterolaemic principles of unfiltered boiled coffee (Heckers et al. 1994 ; Weusten- Van der Wouw et al. 1994) , were found to be present at expected levels in the mash diets with unfiltered boiled coffee (Table 1) . Sanders & Sandaradura (1992) gave hamsters unfiltered boiled coffee as the only source of drinking water for a period of 4 weeks, and found that serum total cholesterol concentrations were raised by 078 mmol/l (16.9 %) when compared with a sucrose solution. The intake of unfiltered boiled coffee was equivalent to twenty-eight cups (125 ml/cup; 50 g ground coffee/l) per 10 MJ dietary energy. Thus, the coffee challenge in our hamsters was heavier. With the observed residual variance of serum cholesterol concentration, the smallest statistically significant (P < 0.05) effect would be 0.54 mmol/l (9.8 %) at a statistical power of 80 %. This calculated difference, which would be reasonably detectable, is smaller than that observed by Sanders & Sandaradura (1992) . Clearly, the absence of a hypercholesterolaemic effect of unfiltered boiled coffee in our hamsters cannot be explained by low dosage or by unsufficient statistical power. Sanders & Sandaradura (1992) noted that the cholesterol-raising effect of unfiltered boiled coffee was not seen against the background of a commercial, cholesterol-free natural-ingredient diet. Half of our diets contained cholesterol, but those used in the experiment with hamsters contained less saturated fatty acid than the diet of Sanders & Sandaradura (1992). Our diets contained no sucrose whereas those of Sanders & Sandaradura (1992) contained about 110 g/kg DM. Perhaps the use of different background diets caused the discrepancy between the present results and those of Sanders & Sandaradura (1992) . The present experiment with hamsters does confirm our earlier work showing that the feeding of freeze-dried, unfiltered boiled coffee had no effect on serum cholesterol concentrations in hamsters (Mensink et al. 1992) . It cannot be excluded, however, that the strain of hamsters used determines the sensitivity of unfiltered boiled coffee. Different strains of hamsters can show different cholesterolaemic responses to diet (Trautwein et al. 1993) .
We conclude that hamsters and rats are relatively insensitive to the cholesterol-raising effect of cafestol and kahweol from unfiltered boiled coffee as seen in humans. This conclusion is substantiated by the observed lack of effect of unfiltered boiled coffee on serum ALAT activities which have been shown recently to be increased in human subjects after drinking boiled but not filtered coffee (Weusten- Van der Wouw et al. 1994) . It is possible that the mechanisms underlying the effects of unfiltered boiled coffee on cholesterol metabolism and liver function can be studied in humans only. These studies were supported by the Netherlands Heart Foundation through grant No. 900-562-091 of the Netherlands Organization for Scientific Research (NWO). We thank Gerrit Van Tintelen, Robert Hovenier and Inez Lemmens for expert technical assistance.
